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ABSTRACT 

The au thors  d i scuss  the  r a d i a t i o n  doses absorbed by 
/ t h e  crews-of Voskhod and Voskhod-2 s p a c e c r a f t .  The space 

walk by cosmonaut Leonov exposed him t o  a g r e a t e r  dose,  
r equ i r ing  t h e  use  of a s p e c i a l  p r o t e c t i v e  space s u i t .  
The va r ious  sources  of space r a d i a t i o n  and t h e  p r o t e c t i o n  
a g a i n s t  them are examined. Some of t h e  experiments 
performed by t h e  cosmonauts concerning space r a d i a t i o n  
are a l s o  considered. 

From previous ly  conducted i n v e s t i g a t i o n  on a r t i f i c i a l  s a t e l l i t e s  and 
spaceships  of t h e  Vostok type,  i t  i s  known t h a t  t h e  primary cosmic r ays  which- 
are c o n s t a n t l y  p re sen t  a t  a l t i t u d e s  of 300--400 km and t h e  r a d i a t i o n  b e l t s  of 
t h e  e a r t h  do no t  p re sen t  any danger t o  members of a crew during b r i e f  f l i g h t s  

r a d i a t i o n  made on t h e  Kosmos-49 a r t i f i c i a l  sa te l l i t e ,  t h e  launch of which w a s  
c a r r i e d  o u t  on t h e  p ro jec t ed  course  of t he  Voskhod on t h e  eve of i t s  f l i g h t .  

/1* 

I i n  space.  This  a s s e r t i o n  w a s  confirmed by measurements of doses of i o n i z i n g  

I n  d i s t i n c t i o n  from preceding f l i g h t s  of spaceships  of t h e  Vostok and 
Voskhod types ,  t h e  f l i g h t  of t h e  Voskhod-2, as f a r  as r a d i a t i o n  is  concerned, 
w a s  d i f f e r e n t  i n  two r e spec t s :  f i r s t ,  because of t h e  g r e a t  a l t i t u d e  of t h e  
o r b i t  ( t h e  apogee w a s  495 km) and, second, because of t h e  b r i e f  pe r iod  of t i m e  
t h e  cosmonaut s tayed  ou t s ide  h i s  spaceship.  
t h e s e  two d i s t i n g u i s h i n g  a spec t s  could inc rease  t h e  r a d i a t i o n  dose t o  which 
members of  t h e  crew were exposed. 

It w a s  n a t u r a l  t o  assume t h a t  

P re l imina ry  c a l c u l a t i o n s  of t h e  doses f o r  t h e  p ro jec t ed  o r b i t  of t h e  
Voskhod-2 showed t h a t  t h e  d a i l y  dose should be several t i m e s  g r e a t e r  than  dur- 
ing preceding  f l i g h t s ,  mainly due t o  t h e  p ro tons  i n  t h e  inner b e l t  i n  t h e  area 
of t h e  B r a z i l i a n  Anomaly bu t  no t  g r e a t e r  than  0 .1  rad/day. 

The  cosmonauts were t o  absorb t h e  g r e a t e r  p a r t  of t h e  d a i l y  dose dur ing  
a p e r i o d  of  several minutes whi le  passing through t h e  zone of maximum I2  
i n t e n s i t y  i n  t h e  B r a z i l i a n  Anomaly a t  an a l t i t u d e  of about 500 km. The total-  

*Numbers g iven  i n  t h e  margin i n d i c a t e  the  pagina t ion  i n  t h e  o r i g i n a l  f o r e i g n  
t e x t .  
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P ro tec t ion  from I n t e g r a l  Dose during I n t e g r a l '  Dose during 
a i r - equ iva len t  flow, i n  f l a r e ,  i n  flow, i n  f l a r e ,  i n  
substance,  g/cm2 . pr/cm2 rads  pr/cm2 rads  

1.5 3.109 550 5.6.109 1120 

5 .O 7 . 3 .  l o 8  90 5.2. lo8  70 

7.0 4.5.108 50 1.6.108 20 

24.0 9.6. l o 7  10 1. i o 7  1 

t i m e  t h a t  t h e  Voskhod-2 w a s  t o  spend i n  t h e  zone of heightened r a d i a t i o n  dur ing  
a day 's  f l i g h t  w a s  approximately 20 min. 
t o  absorb about 80% of t h e  d a i l y  dose and they  w e r e  t o  absorb t h e  remaining 20% 
from primary cosmic r a d i a t i o n  during the  course of t h e  day. The s u r f a c e  dose 
from e l e c t r o n s  o u t s i d e  t h e  spaceship i n  a pe r iod  of 20 min should approach one 
rad.  
spacesu i t  of cosmonaut A. A. Leonov provided t h i s  amount of p ro tec t ion .  I n  t h i s  
way, t h e  d a i l y  dose of r a d i a t i o n  which the  members of t h e  crew of t h e  Voskhod-2 
would absorb due t o  t h e  permanently present  i on iz ing  r a d i a t i o n  on t h e  p ro jec t ed  
o r b i t  w a s  n o t  expected t o  exceed ( c a l c u l a t i n g  b i o l o g i c a l  e f f e c t i v e n e s s )  several 

days. 
cosmonauts. 

During t h i s  t i m e  t h e  cosmonauts were 

Lowering i t  t o  zero requi red  a p r o t e c t i v e  l a y e r  of 100 mg/cm2. The 

' t e n s  of roentgen b i o l o g i c a l  equiva len ts  dur ing  a f l i g h t  l a s t i n g  several 
A s  is known, such a dose can have no harmful e f f e c t  on t h e  h e a l t h  of 

The main p o s s i b l e  source of r a d i a t i o n  damage during t h e  f l i g h t s  of t h e  
Voskhod and t h e  Voskhod-2, as i n  t h e  case of o t h e r  f l i g h t s  by spaceships  of 
t h e  Voskhod type ,  w a s  protons from s o l a r  f l a r e s .  Because of t h e  screening  
e f f e c t  of t h e  e a r t h ' s  magnetic f i e l d ,  the  t o t a l  doses during a l a r g e  f l a r e  
such as those  which occurred on 10 May 1959 and 1 2  November 1960, apparent ly ,  
would n o t  exceed several t e n s  of rads .  However, i n s t ances  are known when, a f t e r  
some s o l a r  f l a r e s ,  t h e r e  were observed s t rong  d is turbances  of t h e  geomagnetic 
f i e l d  i n  which a p a r t i c u l a r  po in t  might be s t r u c k  by p a r t i c l e s  wi th  an  energy 
level less than t h a t  which corresponds t o  t h e  cut-off th reshold  under undis- 
tu rbed  condi t ions .  

I n  Table  1 are given approximate ca l cu la t ed  d a t a  of t o t a l  doses of 
r a d i a t i o n  f o r  d i f f e r e n t  th icknesses  of p r o t e c t i v e  envelope f o r  t h e  f l a r e s  of 
10 May 1959 and 12 Nov. 1960 i n  t h e  absence of t h e  screening  e f f e c t  of t h e  
geomagnetic f i e l d .  

Table 1 

I I 12 Nov. 1960 10 May 1959 

A s  can be  seen  from t h e  d a t a  presented  above during t h e  pe r iod  of a f l a r e ,  
a cosmonaut may be exposed t o  ion iz ing  r a d i a t i o n  i n  doses causing impairment 
i n  a b i l i t y  t o  work and danger t o  l i f e .  Therefore ,  i n  organizing measures /3 
t o  gua ran tee  r a d i a t i o n  s a f e t y  f o r  t he  crews on spaceships  g r e a t e r  a t t e n t i o n  i s  
devoted t o  p r e d i c t i n g  s o l a r  f l a r e s  which could e n t a i l  r a d i a t i o n  danger. 

2 



The system of measures which were taken t o  guarantee  r a d i a t i o n  s a f e t y  on 
t h e  Voskhod and t h e  Voskhod-2 included: 

r 
N a m e  of Spaceship Indiv idugl  Dosimeters 

Mean Dose Mean St rength  
per  F l i g h t ,  of Dose, i n  
i n  mrad mrad /day 

Voskhod 30*5 29*3 
Voskhod-2 70*5 65'3 

p r e d i c t i n g  t h e  r a d i a t i o n  s i t u a t i o n  a long  t h e  p ro jec t ed  o r b i t ;  
p red ic t ing  r a d i a t i o n  danger from s o l a r  f l a r e s ;  
reducing t h e  r a d i a t i o n  dose by using a p r o t e c t i v e  envelope around t h e  

measuring t h e  level of r a d i a t i o n  i n  t h e  upper l a y e r s  of t h e  atmosphere 

measuring t h e  i n t e g r a l  dose and dose i n t e n s i t y  by an on-board radiometer ;  
measuring t h e  t o t a l  dose absorbed by each cosmonaut u s ing  i n d i v i d u a l  

t h e  conduction of b i o l o g i c a l  dosimetry of cosmic r a d i a t i o n ;  
lowering t h e  e f f e c t i v e n e s s  of b i o l o g i c a l  a c t i o n  of i o n i z i n g  r a d i a t i o n  i n  

spaceship;  

wi th  sounding ba l loons ;  

dosimeters  of t h e  ILK, IKS, and I F K N  t y p e s  and nuc lear  emulsions; 

emergency s i t u a t i o n s  by us ing  pharmaco-chemical p repa ra t ions .  

On-Board Dosimeter, R-ZAM 
Dose dur ing  St rength  of 
F l i g h t ,  i n  Dose, i n  
mrad m r  ad / day 

27 '1 26*1 
65'1 60'1 

A s  i s  known, t h i s  system of measures t o  guarantee  s a f e t y  w a s  used success- 
f u l l y  i n  a l l  f l i g h t s  c a r r i e d  out  wi th  a man on board ( r e f s .  2-4). 

For c a l c u l a t i n g  t h e  e f f e c t  of poss ib l e  s o f t  r a d i a t i o n  ( e l ec t rons )  A .  A .  
Leonov and P. I. Belyayev, dur ing  t h e  t i m e  they were o u t s i d e  t h e  spaceship ,  w e r e  
equipped wi th  i d e n t i c a l  sets of i nd iv idua l  dosimeters  which were a b l e  t o  func- 
t i o n  under condi t ions  of deep vacuum. The dosimeters  were worn near t h e  ches t  
area under t h e  spacesu i t  and i n  t h e  outer  h i p  pocket.  

During t h e  p r e f l i g h t  and f l i g h t  per iods of t h e  Voskhod and Voskhod-2, 
accord ing  t o  d a t a  from o p t i c a l ,  magnetic, and r a d i o  observa t ions ,  t h e  sun w a s  
i n  a s t a t e  of minimum a c t i v i t y .  However, on 9 October 1964 ( t h r e e  days p r i o r  
t o  t h e  f l i g h t  of t h e  Voskhod) a t  8:30 a t  a n  a l t i t u d e  of 22 km, when measure- 
ments w e r e  being made of t h e  i n t e n s i t y  of r a d i a t i o n  i n  t h e  upper l a y e r s  of t h e  
atmosphere,  a b r i e f  i n c r e a s e  i n  t h e  r a d i a t i o n  background by a f a c t o r  of 23 
(4680 par t ic les /cm2/min)  w a s  r e g i s t e r e d  over t h e  normal ra te  (210 p a r t i c l e s /  
cm2/min). 
tu rned  t o  normal. The cause f o r  t h e  inc rease  i n  i n t e n s i t y  of r a d i a t i o n  w a s  
no t  determined. 

I n  approximately two hours ,  t h e  i n t e n s i t y  of t h e  r a d i a t i o n  aga in  re- 

The mean va lues  of t h e  doses absorbed by members of t h e  crews of t h e  
Voskhod and Voskhod-2, according t o  data  from measurements made wi th  t h e  
i n d i v i d u a l  and on-board dos imeters ,  a r e  presented  i n  Table 2. 
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A s  can be seen from Table 2,  t h e  doses absorbed by t h e  cosmonauts w a s  
about 30 and 65 mrad f o r  members of t h e  crews of t h e  Voskhod and Voskhod-2, - / 4  
r e s p e c t i v e l y ,  
e x i t e d  from t h e  Voskhod-2 would be greater due t o  s o f t  r a d i a t i o n  of e l e c t r o n s  
w a s  found t o  be u n j u s t i f i e d .  

The apprehension t h a t  t h e  dose absorbed by a cosmonaut who 

An a n a l y s i s  made of t h e  composition of r a d i a t i o n  f o r  t h e  Voskhod-2 (18- 
19 March 1965) using nuc lea r  emulsions showed t h a t  t h e  flow of p a r t i c l e s  wi th  
l i n e a r  l o s s e s  of energy corresponding t o  o v e r a l l  l o s s e s  of energy a t  t h e  end of 
a t r i p  of a lpha  p a r t i c l e s ,  boron, oxygen, and argon came, r e s p e c t i v e l y ,  t o  
200, 30, 15, and 3 par t ic les /day/cm2 of emulsion 200 p t h i ck .  
oxygen and argon are no t  s u f f i c i e n t l y  p r e c i s e  because of t h e  s m a l l  exposure.  

The d a t a  f o r  

The mean va lue  of t h e  i n t e n s i t y  of t i s s u e  dose on t h e  Voskhod w a s  two 
times g r e a t e r  and on t h e  Voskhod-2 fou r  t i m e s  g r e a t e r  than  during t h e  las t  
f l i g h t s  of t h e  Vostok. 
explained p r i n c i p a l l y  by t h e  change i n  the a l t i t u d e  of f l i g h t ,  as a r e s u l t  of 
which t h e  t o t a l  dose increased  due t o  the  pro tons  i n  t h e  i n n e r  b e l t  i n  t h e  
area around t h e  B r a z i l i a n  Anomaly, and a l s o  by a c e r t a i n  inc rease  i n  t h e  
i n t e n s i t y  of primary cosmic r a d i a t i o n  c h a r a c t e r i s t i c  of t h e  per iod  when the  
sun i s  q u i e t .  The r a d i a t i o n  dose absorbed by members of t h e  c r e w  of t h e  Vosk- 
hod and Voskhod-2, a l lowing f o r  t h e  c o e f f i c i e n t  of r e l a t i v e  b i o l o g i c a l  
e f f e c t i v e n e s s ,  d i d  not  exceed several t ens  of b i o l o g i c a l  roentgen equiva len ts .  
It is  a l t o g e t h e r  obvious t h a t  such a dose cannot have a harmful e f f e c t  on t h e  
hea l th  -of cosmonauts. ~ 

Such growth i n  the  doses of cosmic r a d i a t i o n  can be 

I n  a d d i t i o n  t o  t h e  dos imet r ic  apparatus  on board t h e  s h i p s ,  t h e r e  were 
va r ious  b i o l o g i c a l  specimens such as a i r -d r i ed  seeds  of wheat,  p i n e ,  beans,  
and c a r r o t s ;  microspore of Tradescant ia  paludosa; a lysogenic  c u l t u r e  E. c o l i  
K-12 ( A ) ;  and pomace f l i es  which w e r e  used p r imar i ly  f o r  a b i o l o g i c a l  i nd i -  
c a t i o n  of i o n i z i n g  r a d i a t i o n .  The specimens were kept  i n  s p e c i a l  con ta ine r s  
on board t h e  s h i p s  as w e l l  as i n  t h e  h i p  pockets  of t h e  spacesu i t  worn by 
A. Leonov (p ine  and wheat seeds ,  lysogenic  b a c t e r i a ) .  

The b i o l o g i c a l  e f f e c t i v e n e s s  of cosmic r a d i a t i o n  a c t i n g  toge the r  with /5 
o t h e r  f l i g h t  f a c t o r s  w a s  evaluated using cy togene t i c ,  g e n e t i c ,  phys io log ica l ,  
and mic rob io log ica l  methods of i nves t iga t ion .  

An a n a l y s i s  of t h e  material obtained showed t h a t  under t h e  in f luence  of 
f l i g h t  f a c t o r s ,  inc luding  cosmic r a d i a t i o n ,  i n  t h e  h e r e d i t a r y  s t r u c t u r e  of 
several specimens, such as the  microspore of spiderwort  and t h e  pomace f l i e s ,  
t h e r e  occurred  changes i n  t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  r e l a t i o n s h i p s  
s i m i l a r  t o  t h e  e f f e c t s  r e g i s t e r e d  on t h e  f l i g h t s  of t h e  Voskhod-2, Voskhod-3, 
and t h e  Voskhod-6. Thus, i n  comparison wi th  t h e  c o n t r o l  specimens, t h e r e  w a s  
found an  increase i n  t h e  frequency of non-divar icat ion of chromosomes and an 
i n c r e a s e  i n  t h e  frequency of dominant l e t h a l s  among t h e  pomace f l i e s ,  
d i s r u p t i o n  of t h e  mechanism of m i t o s i s  i n  t h e  microspore of t h e  sp iderwor t ,  
etc.  A t  the same t i m e  t h e  recorded changes, as f a r  as q u a n t i t y  i s  concerned, 
proved t o  be i n s i g n i f i c a n t  as i n  t h e  tests conducted on t h e  Vostok. 
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I A t  t h e  same t i m e  t h e  e f f e c t s  c h a r a c t e r i s t i c  of r a d i a t i o n  in f luence  and 

o t h e r  f a c t o r s  on t h e  lysogenic  b a c t e r i a  and seeds  of t h e  h igher  p l a n t s ,  speci-  
mens of which w e r e  kept  on t h e  spaceships  as w e l l  as exposed i n  o u t e r  space,  
were not  manifest  ( r e f .  5 ) .  

Of p a r t i c u l a r  i n t e r e s t  are t h e  resu l t s  obtained i n  an  experiment wi th  
microspore of spiderwort  conducted wi th  t h e  p a r t i c i p a t i o n  of B.  B. Yegorov. 
The d a t a  obtained gave evidence of t h e  fact  t h a t  t h e  phases of m i t o s i s  i n  micro- 
spore  of spiderwort  have varying s e n s i t i v i t y  t o  t h e  e f f e c t s  of f a c t o r s  encountered 
i n  space f l i g h t .  Moreover, they confirmed t h e  hypothes is  expressed previous ly  
t o  t h e  e f f e c t  t h a t  t h e  cause f o r  t h e  d i s r u p t i o n  of t h e  mechanism of m i t o s i s  

somes are caused p r imar i ly  by t h e  e f f e c t s  of a complex of f a c t o r s  a s soc ia t ed  
wi th  l i f t  and launch of t h e  spaceship ( r e f .  6 ) .  

I could be  t h e  s t a t e  of weight lessness  and t h a t  t h e  rearrangements of chromo- 

I n  t h i s  way, t h e  r e s u l t s  of b i o l o g i c a l  experiments ag ree  q u i t e  satis- 
f a c t o r i l y ,  as w a s  t h e  case  wi th  f l i g h t s  of t h e  Vostok spaceships ,  w i th  d a t a  
concerning t h e  dose of cosmic r a d i a t i o n  as determined by us ing  v a r i o u s  phys ica l  
dosimeters .  C l i n i c a l  observa t ion  of t he  h e a l t h  of members of t h e  crews of t h e  
Voskhod and Voskhod-2 conducted r egu la r ly  a f t e r  t h e  f l i g h t s  a l s o  confirm con- 
v inc ing ly  t h e  l a c k  of any harmful e f f e c t s  from cosmic r a d i a t i o n .  
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